


AREAS OF ENERGY USE FOR WASTEWATER PLANTS 

• Typical Energy Consumers in a WWTP 



AREAS OF SIGNIFICANT ENERGY USE 

• Aeration 
• Blowers 
• Air compressors 
• Mechanical mixers 

• Pumps 
• Inefficient flow control methods: throttling 
• Pumping at higher flow rates than are necessary 

• UV disinfection 
• Running more lamps than are needed – plant is not operating 

at its rated capacity 
• Changing lamps out too soon – Plant may change UV lamps 

every year when they have an expected life of 18 months 
 



AREAS OF SIGNIFICANT ENERGY USE 

• HVAC 
• Set-back thermostats 
• Avoid electric resistance heat 
• Perform proper maintenance 
• Replace units when their useful life is over 

• Lighting 
• Turn off when not needed 
• Consider occupancy sensors to shut off lights when no one is around 
• Convert to more efficient fixtures 
• LEDs are becoming much cheaper and dependable 

• Combined Heat and Power 
• Use biogas to generate electricity and recover heat for digestion and 

space heat 
 



FANS/BLOWERS 



FANS/BLOWERS 

• Plants often operate at less that design loads 

• Determine actual BOD and operate only as much 

aeration equipment as is needed 

• Turn off unneeded blowers 

• If VFDs are installed reduce blower capacity to supply 

only the required air 

• Example: Newnan Utilities installed one VFD on one of 

three 125 HP blowers serving the WWTP and saved a 

reported $24,000/year in electrical cost 



NEWNAN UTILITIES WWTP 



PROJECT SUMMARY 

• First they upgraded the 20+ year old blowers 

• Replace worn parts 

• Clean internal parts 

• Upgrade from 100 HP to 125 HP motors 

• Added instrumentation to measure vibration, inlet air 
temperature and bearing temperature 

• Added surge protection 

• Installed 1-VFD on one of the three blowers serving a 
common header 

• Upgraded the control system 



SYSTEM OPERATION 

• Biological processing consists of three basins connected in 
series 

• Utility uses a handheld probe to determine basin dissolved 
oxygen content 

• Personnel manually adjust blower kW set point on operator 
interface terminal 

• PLC automatically adjusts blower speed to maintain kW set 
point 

• Automatic adjustment accounts for changes in ambient air 
temperature that change inlet air density 

• Hotter air – higher RPM; colder air – lower RPM 



SYSTEM OPERATION 

• If required air flow exceeds single blower capacity a second 
blower can be started and the VFD blower’s speed ramped 
back 

• However, these two blowers operating together represent a 
large jump in air flow and power compared to one blower 
working alone at full speed 

• The VFD can “over-speed” the single motor to remain in 
operation with one blower until air demand exceeds the 
blower and motor capacity of the VFD blower 

• This strategy saves additional operating cost 

• Savings are quoted at $24,000/year 



FAN/BLOWER CAPACITY MODULATION METHODS 



FAN/BLOWER – VFD CONTROL 



BOILER COMBUSTION AIR FAN 



FAN OUTLET DAMPERS (VANES) 



FAN INLET GUIDE VANES 



FAN LAWS 



FAN LAWS 



PUMPING 





THE SYSTEM OPERATING POINT IS AT THE 

INTERSECTION OF THE PUMP AND SYSTEM HEAD -

CAPACITY CURVES 
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IN A SYSTEM WITH ONLY STATIC HEAD, THE 

EFFECT IS EVEN MORE DRAMATIC 

5000 4000 3000 2000 1000 0 

Flow rate, gpm 

3

0 
4

0 
5

0 7

0 

6

0 7

5 
80.5 
(BEP) 

200 

150 

100 

50 

0 

H
e

a
d

, 
ft

 

7

5 



IN A SYSTEM WITH ONLY STATIC HEAD, THE 

EFFECT IS EVEN MORE DRAMATIC 

5000 4000 3000 2000 1000 0 

Flow rate, gpm 

3

0 
4

0 
5

0 7

0 

6

0 7

5 
80.5 
(BEP) 

200 

150 

100 

50 

0 

H
e

a
d

, 
ft

 

7

5 



OVERSIZED CONDENSER WATER PUMP 



ACTUAL PUMP DATA FOR VSD OPERATION 
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EXAMPLE WATER TREATMENT PLANT 

• County water treatment facility 

• 200 HP pump 

• 2 100 HP pumps 

• Typically run the 200 HP and one 100 HP 

• Peak demand is just under 1.6 MGD 

• Demand is less than 1.5 MGD 99.5% of the time 

• Would like to operate the plant 12 hours/day or less 

• Electric rate has a significant demand charge 



EXAMPLE WATER TREATMENT PLANT 

System Curves 
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HVAC 



HEATING & COOLING EFFICIENCIES 



HEATING & COOLING EFFICIENCIES 

 Integrated Energy Efficiency Rating (IEER): This is a 
calculated measure of cooling part-load efficiency in 
Btu/W-h.  

 

In Jan. 2011 DOE, along with industry partners, 
developed voluntary specs for 10 to 20 ton rooftop 
units. The specs called for a minimum 18.0 IEER. 



HEATING & COOLING EFFICIENCIES 



HEATING & COOLING EFFICIENCIES 

 kW/Ton: This is a term normally applied to larger HVAC equipment to 

describe efficiency based on kW of electrical input per ton of cooling 

output. For example:     
         

 Package DX Equipment ........... 1.20 kW/ton 

 Reciprocating Chillers .............. 0.90 kW/ton 

 Screw Chillers …………………  0.65 kW/ton 

 Centrifugal Chillers .................. 0.50 kW/ton 

  



HVAC SYSTEMS 

Typical Smaller Package DX System: 

All major components (fans/coil) 

are located in a single outdoor unit. 



HVAC SYSTEMS 

Typical Split DX System: 



Water-Cooled 
• Greater energy efficiency 

• Longer equipment life 

• Cooling tower to maintain 

• Water treatment issues 

AIR-COOLED OR WATER-COOLED 

COMPARISON 

Air-Cooled 
• Lower maintenance 

• Packaged system 

• Better low ambient 

operation 



BELT DRIVE LOSSES 



BELT DRIVE LOSSES 



COMPARISON OF BELT DRIVE COSTS 

Assume a 75 HP fan drive is converted to Synchronous Belts from conventional V-Belts 
 

• Approximate cost of a system with V-Belts 

• One four-groove B13.6 inch sheave   $   102 

• One four-groove B18.1 inch sheave   $   130 

• Four B 136 V-Belts     $   108 

• Total Cost      $   340 

• Approximate cost of a system with Synchronous Belts 

• One P52-14M-85 sprocket    $   220 

• One P72-14M-85 sprocket    $   320 

• One 3150-14M-14M-85 belt    $   478 

• Total Cost      $1,018 
 

• Assuming 5% belt slip for V-Belts and an energy cost of $0.08/kWh and 

the fan operates continuously, predicted savings for the Synchronous 

Belt over the V-Belts is $2,152/year 

• Estimated total conversion cost is $1,500 and the simple payback is 

8.4 months 
 



FREE COOLING 

 Airside Economizers 

 Free Cooling with Plate and Frame Heat    

Exchanger 



AIRSIDE ECONOMIZERS 

        



ENERGY MANAGEMENT TECHNIQUES 

 1. Preventive Maintenance 

2. Building Management Systems  

3. Commissioning/Retrocommissioning 

4. Minimizing ventilation air 

5. Free Cooling 

6. Premium efficiency motors 

7. Use of VFDs for capacity of pumps & fans 

8. Other Opportunities for Saving 

 



LIGHTING 



LIGHTING 

• Most lighting changes today are centered around 

replacing old fixtures with LED lamps 

• In the last couple of years the cost of LED fixtures has 

decreased dramatically 

• The long lamp life reduces maintenance costs 

significantly 



LIGHTING – RETROFIT PROJECT 
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COMBINED HEAT & POWER 



OPPORTUNITIES FOR COMBINED HEAT AND POWER 



OPPORTUNITIES FOR COMBINED HEAT AND POWER 

• Biogas from the digester can be used as fuel to generate 
electricity and produce useful heat for the digester or 
space heating 

• Natural gas costs about $4.00 to $6.00 per MMBtu, 
depending on where you live and how much you purchase 

• At $0.08/kWh, electricity costs $23.44 per MMBtu 

• By burning biogas in an engine/turbine/boiler and 
producing electricity first the waste heat from the power 
generation can be used in the digester or as space heat 
producing overall efficiencies in the 65% to 80% range 



OPPORTUNITIES FOR COMBINED HEAT AND POWER 

• CHP systems can use a variety of prime movers 
• Reciprocating engines 
• Microturbines 
• Fuel cells 

• A typical WWTP processes 100 gal/day of wastewater for every 
person served 

• About 1 ft3 of digester gas can be produced by an anaerobic 
digester per person per day 

• Anaerobic digester gas from WWTP’s is usually 60 to 70% 
methane with the rest primarily CO2 

• HHV is 610 – 715 Btu/ft3 and LHV is 550 – 650 Btu/ft3  

• For natural gas the HHV  is ~1024 Btu/ft3  
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QUESTIONS ???? 


